(PHASE SHIFT PHOTOMASK) 
DESCRIPTION 



Background of Invention 
(Pcral) Field of the Invention 

(Pcra2) Tine present invention relates to a structure of a photomask used in 
cm exposure process. More pcrticulcrly, the present invention relates too 
structure of a phase shift photomask that is ccpcbleof redudng the line- end 
shortening (LES) effect. 

(Pcra3) Desaiption of theRelcited Art 

(Pcra4) As thelinewidth of semiconductor process rapidly goes down, 
shortening the wch/elength of exposure light in lithography is dways desired, 
However, since short- was/el ength exposure systems ae difficult to design, 
most of advanced processes have linewidths shorter then the wavelength of 
the exposure light. For excmple, in cn advcnced 90nm process, ArF exdmer 
laser of 193nm is usudly used as cn exposure light source. 

(Per a 5 ) H owever , when the pr oces s 1 1 newi dth goes down to appr ox 1 motel y 
one hdf of the exposure wavelength, the resolution of cn exposure process 
using oconventiond binay photomask is insuffident. Therefore, vaious 

phase shift photomasks ae developed, which utilize opticd interference effect 
to enhance the contrast of pattern trcnsfer end improve the resolution of 
exposure process. 

(Pcra6) For excmple, a hdf- tone (HT) phase shift photomask as shown in 
FIG. 1 is usually used to form isolated end dense line patterns. TheHT 
photomask indudes a trcns pa ent substrate 100 end isolated/ dense line 
patterns 1 10/120, which aesemi- trcnspaent lines with a phase shift of 180° 
relative to the substrate 100. Neverthdess, significcnt line- end shortening 
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(LES) effect" still occurs to the Isolated photoresist I me potterr^ 1 2 end the 
der^se photoresist I me potter r^s 14 obtained by us mg the cboveHT photomask, 
as mdioated by LESi end LESd in FIG. 1 . Consequently, electriodly connecting 
with the conductive lines defined by the isolated/ dense photoresist line 
patterns is difficult. 

Summary of Invention 

(Pcra7) In view of the foregoing, this invention provides a phase shift 
photomask capcbleof redudng the line- end shortening (LES) effect in a 
lithography process. 

(PcraS) The phase shift photomask of this Invention Indudes otrcnspaent 
substrate, end at least one isolated linea" pattern, multiple dense linear 
patterns end otrcnspaent phase- shift region on the substrate. The isolated 
llnea pattern indudes a trans per ent end portion with a phase shift of 180° 

relative to the substrate, The transparent phase- shift region Is located on the 
substrate adjacent to the ends of thedense linea patterns, end has a phase 
shift of 90° relative to the substrate. 

(Pcra9) With thetrenspaent (5- shift end portion of the isolated linea 

pattern on the photomask, the line- end shortening effect of the resulting 

Isolated llnea photoresist pattern cen be reduced. Meanwhile, thetrenspaent 
(5/2- shift region located adjacent to the ends of thedense linea patterns on 

the photomask cen reduce the line- end shortening effect of the resulting 
dense linear photoresist patterns. 

(Pcra 10) It is to be understood that both the foregoing generd desaiption 
end the foil owing detdled desaiption aeexemplay, end ae intended to 
provide further explenation of the invention as ddmed. 

Brief Desaiption of Drawings 
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(Pcrall) FIG. 1 illustrates a conventional hdf- tone photomask induding 
isolated/ dense line patterns, the profiles of the resulting photoresist line 
patterns in dashed lines end corresponding line- end shortening effect. 

(Pcra 12) FIG. 2 illustrol-es a phase shift photomask induding isolated/ dense 

line patterns according to a preferred embodiment of this invention, the 
profiles of the resulting photoresist line patterns end the reduced line- end 
shortening effect. 

Detdled Desaiption 

(Pcra 13) Referring to FIG. 2, the phase shift photomask according to the 
preferred embodiment of this invention indudes atrcnspaent substrate 200, 
end isolated line patterns 210, dense line patterns 220 end atrcnspaent 
phase- shift region 230 on the substrate 200. Each isolated line pattern 210 
indudes a trans parent end portion 2 10a with a phase shift of 180° relative to 
the substrate 200. T he trenspaent phase- shift region 230 is located on the 
substrate 200 adjacent to the ends of the dense line patterns 220, end has a 
phase shift of 90° relative to the substrate 200. 

(Pcra 14) In addition, the isolated line patterns 210 and the dense line 
patterns 220 in FIG. 2 are respectively arcnged in pars, wherein two line 
patterns 210 or 220 as a par ae opposite to each other in end- to- end 
arcngement. Morespedficdiy, the two isolated line patterns 210 as a par ae 
arcnged so that their end portions 2 1 Oa face each other. The dense line 
patterns 220 indudetwo groups respectively disposed on two opposite sides 
of the trenspaent phase- shift region 230, wherein the end portions of the 
dense line patterns 220 in one group ae adjacent to the trenspaent phase- 
shift region 230 end opposite to those in the other group. Such a pattern 
design is frequently seen on a photomask used in a memory fcbrioating 
process. 

(Pcra 15) The substrate 200 ccn be made from quatz or glass, for example, 
or cny other mater id trenspaent to the exposure light. The dense line 
patterns 220 end the isolated line patterns 210 except their trenspaent end 
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portions 210a may be opaque linear layers as in a oonventiond binary 
photomask, or semi-transparent linear layers with a phase shift of 180° 
relative to the substrate 200 as in a oonventiond HT photomask. In the latter 
case, thetrcnspaency of thesemi- trcnspaent linea layers may be 6%, end 
thesemi- trcnspaent llnea layers may be constituted of metd-oontdning 
layers, such as, chromium layers, that aesuffidently thin to besemi- 
transpaent. 

(Pcra 16) On the other herd, the trcnspaent end portions 2 10a of the 

isolated line patterns 210 end the trcnspaent phase- shift region 230 may be 
recessed portions of the substrate 200, \A/herein the <5- shift end portion 210a 

of an isolated line pattern 210 is recess more than the (5/2- shift region 230, 

(Pcra 1 7) Referring to FIG. 2 again, the profiles of the isolated and dense 
photoresist line patterns 22 end 24 obtdned by using the above phase shift 
photomask ore dso shown in FIG. 2. As compaed with the is elated/ dense 
photoresist line patterns 12/14 obtdned by using the oonventiond photomask 
of FIG. 1 , the line- end shortening LESi/LESd of the isolated/ dense photoresist 
line patterns 22/24 is much reduced. 

(Pcra 18) To demonstrate the effects of this invention, some simulations have 
been made to derive the LES vdues of the is dated/ dense photoresist line 
patterns obtdned by using a oonventiond HT photomask of FIG. 1 end the 
phase shift photomask of FIG. 2, respectively. /\s the common paemeters 

used in the simulations, the wavelength of the exposure light is 193nm, the 

I ine/s pace width is 90/90nm, end the gcp width (G) between every two 

opposite line patterns is lOOnm, In addition, the length "L"of the transparent 
(5- shift end portion 2 10a of each isolated line pattern 210 is 200nm. The 

results of the simulations ae listed in Teble I. 
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Table I: Comparison for LES Effect of Conventional HT Mask and Mask of This 



Invention U = 19jnm. line/space width = 90/90nm, G = lOOnm, L = 200nm) 





6% HT Mask 


This Invention 


LES Improvement 


Dense Lines 
on-focus 


mJ\J, ^ 11111 


21.3 nm 


1 S fS tim 

1 ,\J iilil 


Dense Lines 
defocus: 0.15/im 


51.9 nm 


17.5/ 40.7 nm 
(+/-0.15/fln) 


34.4/ 11.2 nm 
(+/-0.15/«n) 


Isolated Line 
on-focus 


36.6 nm 


3.6 nm 


33.0 nm 


Isolated Line 
defocus: 0.15//m 


85.6 nm 


33.4 nm 


52.2 nm 



(Pcra 19) As shown in Tcblel, \A/ith thetrcnspaent (5- shift end portion of on 
isolated linea patter n on the photomask, the line- end shortening of the 
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resulting isolated photoresist Ime pattern ccn besignifioantly reduced, even 

wt^en tt^e substrate is exposed at adefocused position in tt^e exposure 
process, Mecinwt^ile, thetrcnspaent (5/2- shift region located adjacent to the 

ends of the dense line patterns ocn reduce the line- end shortening of the 
resulting dense photoresist line patterns, even when the substrate is exposed 

at adefocused position in the exposure process. 

(Pcra20) It is noted that though the line patterns aecr ranged in pairs in an 

end- to- end manner \A/ithin the cbove embodiment, a single isolated line 
pattern ha/ing atranspaent (5- shift end portion, or a single group of dense 

line patterns with atrcnspaent <5/2- shift region adjacent to their ends, ccn 

also reduce the LES effect. Moreover, this invention not only is cppliccbleto a 

photomask with isolated/ dense line patterns thereon as in the cbove 

embodiment, but dso ccn be cpplied to a photomask with other type of 

is elated/ dense I inecr patterns thereon. In addition, the photomask of this 

invention ma/ indude merely isolated line patterns each having atrcnspaent 
(5- shift end portion, or merely dense line patterns with atrcnspaent (5/2- shift 

region adjacent to their ends. 

(Paa21) It will be appaent to those skilled in the art that various 
modifications cndvaiations ccn be made to the structure of the present 
invention without depatingfrom the scope or spirit of the invention. In view 
of the foregoing, it is intended that the present invention covers modifications 
end vaicitions of this invention provided they fdl within the scope of the 
following d aims end their equivdents. 
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